Introduction
[2] Studying the formation of Polar Mesospheric Clouds (PMC) and their variability with respect to mesospheric temperature is important since PMCs are diagnostic of both short and long-term changes in this region [Thomas, 1991] . This is also a challenging task as the remote location of clouds limits in-situ measurements of their properties. Ground-based and rocket-borne measurements of PMCs and corresponding mesospheric temperatures are restricted to specific geographic locations and local times (LT). Such constraints do not usually apply to satellite measurements, which can sample the entire polar region daily.
[3] The Optical Spectrograph and InfraRed Imager System (OSIRIS) on the Odin satellite has observed PMCs since 2001. The Sounding of the Atmosphere using Broadband Emission Radiometry (SABER) instrument on the Thermosphere Ionosphere Mesosphere Energetics and Dynamics (TIMED) satellite has produced vertical profiles of mesospheric Kinetic Temperature (KT) since the beginning of 2002. The PMC data from OSIRIS and KT data from SABER can be used together to help quantify the role of temperature in controlling the observed brightness of PMCs over the polar region at any given time, which defines the purpose of the present work.
Instrument and Data Description

Odin/OSIRIS
[4] Odin was launched in February 2001 into a polar sunsynchronous, near-terminator orbit [Murtagh et al., 2002] . The Odin orbit period is 96 minutes and the latitudinal coverage in the orbit plane is 82.2°N to 82.2°S. While the Odin aeronomy mission is primarily devoted to the study of stratospheric gaseous species, each year a two-week period in either July or August is dedicated to NH summermesospheric measurements. In 2002 and 2003, such measurements were carried out on July 1-15, and OSIRIS PMC data collected during these periods are used in this work.
[5] OSIRIS measures limb-scattered sunlight over the wavelength range of 280 -810 nm with $1 nm spectral resolution [Llewellyn et al., 2004] . Its field of view is 1 km vertically and 32 km horizontally at the tangent point, and the random PMC altitude error is $1.3 km. Odin goes through a range of LT very quickly at latitudes poleward of 80°N but very slowly at latitudes of about 60°N. In the latter case, the PMCs are detected near 07:00 LT on the down-leg and near 17:30 LT on the up-leg of the orbit. Measurements at highest latitude of 82.2°N are taken near 12:00 LT. PMC observations from all LT between 07:00 and 17:30 are used in this work.
[6] The OSIRIS PMC detection method is based on the calculations of the cloud Brightness (BR) -the difference between the measured radiance at PMC peak and the Rayleigh background (Rb). The details on the Rb determination are given by Petelina et al. [2005a] . The PMC BR is calculated at several wavelengths in the UV between 290 nm and 300 nm. A cloud is detected when its BR is at least two times larger than the variability in the Rb, 1.5 Â 10 9 [photons/(secÁcm 2 ÁnmÁsterad)] (units will be omitted further in the text). The mean OSIRIS PMC BR in the NH in 2002 and 2003 was 7 Â 10 10 and 8 Â 10 10 respectively. PMC Rb at 83 km in the latitude range of 60°-82.2°N varied between 3.5 Â 10 9 and 5.0 Â 10 9 . This variability is primarily due to the latitudinal changes in the Solar Scattering Angle (SSA) and, to a lesser extent, due to the natural variations in the Rb and the instrument noise which is less than 6.0 Â 10 8 .
[7] OSIRIS PMC BR is also dependent on the SSA, which varies from 87°to 95°in the morning sector and from 80°to 87°in the evening sector. In this work, we have not attempted any correction of BR to the SSA as it would require detailed knowledge of the PMC scattering phase function. An examination of the PMC phase function measured by Gumbel et al. [2001] suggests that the OSIRIS PMC BR could have a maximum error of 15% and 7% at 60°N and 75°N respectively due to the correction of BR to the SSA.
TIMED/SABER
[8] The TIMED satellite was launched in December 2001 into a 74.1°inclination 650 km orbit with a period of 1.7 hours. TIMED is focused on the energetics and dynamics of the mesosphere-lower thermosphere region (60 -180 km) [Russell et al., 1999] .
[9] SABER, one of four instruments on TIMED, is a 10-channel broadband limb scanning infrared radiometer covering the spectral range from 1.27 mm to 17 mm. SABER provides vertical profiles of KT, ozone, carbon dioxide, water vapor, volume emission rates of NO (5.3 mm), OH Meinel bands, and O 2 ( 1 D), atomic species O and H, and rates of radiative heating and cooling from the troposphere to the thermosphere. The limb is oversampled at approximately 5 times the nominal field of view (FOV) of 2 km, allowing the data output on a much finer grid of approximately 0.4 km spacing. However the 2.4 km vertical resolution of SABER is determined by its FOV.
[10] As the orbit of TIMED precesses, the LT of SABER high-latitude measurements changes with time. On July 1, the data poleward of 60°N are taken between 17:00 and 02:00 (on the next day) LT, and at a highest latitude of 83°N -near 22:00 LT. On July 15, the data poleward of 60°N are taken between 14:00 and 23:00 LT, and at 83°N -near 19:00 LT. Some of the SABER and OSIRIS measurements overlap at 14:00-17:00 LT while others are up to 15 hours apart. In the latter case our analysis can be affected by the LT variations in PMC brightness. As shown by Petelina et al. [2005b] , OSIRIS PMCs measured at 07:00 LT were about 30% brighter than those detected at 17:30 LT. This is further discussed in Section 3.4.
[11] SABER KT profiles, version 1.03, are retrieved from two channels in the CO 2 15 mm band using non-Local Thermodynamic Equilibrium radiative transfer techniques [Mertens et al., 2001 ]. The quality analysis for the SABER KT retrievals and comparisons with the coincident data from falling spheres has been given by Mertens et al. [2004] and is discussed in Section 3.4.
Methodology and Results
Altitude Range
[12] OSIRIS observes PMCs in the limb and detects clouds located at the line-of-sight tangent point, as well as those located in the near and/or far field. In the latter cases, the PMC peak altitude appears lower than its 'true' position if there is no PMC in the tangent layer. As the geographic location of such clouds is only known approximately, this may lead to an incorrect interpretation of PMC-KT comparisons. In order to minimize this effect, we have excluded all PMCs with the peak below 82 km from the analysis. The upper height in the PMC-KT analysis has been set at 84 km. The resulting altitude interval of 82-84 km is close to the SABER vertical resolution of $2.4 km. As SABER KT profiles are provided on a 0.4 km height grid, we calculated the mean of all temperatures between 82 km and 84 km (referred to as KT). Limiting PMC data to the height range of 82-84 km is justified by ground-based results showing that clouds appear in this altitude region at latitudes of 70°-80°N [von Zahn et al., 1998; Fiedler et al., 2003; Höffner et al., 2003] .
Coincidence Criteria
[13] As mesospheric conditions can exhibit significant temporal variability due to dynamic processes and winds, measurements at the same location taken several hours apart may correspond to very different atmospheric states. We performed the PMC-KT analysis for a fixed maximum spatial distance between the OSIRIS and SABER tangent points, 200 km, and several time differences, Dt: within 12, 6, 3, and 1 hour (h). The resulting scatter plots of PMC BR against coincident mesospheric KT are shown in Figure 1 for (left) July 1 -15 2002 and (right) July 1 -15 2003. The corresponding PMC-KT comparison statistics poleward of 60°N with the number of PMC-KT coincidences, the number of non-PMC-KT coincidences, and the number of non-PMC-KT coincidences at low KT, 140 K and 130 K, is shown in Table 1 .
PMC -KT Comparisons
[14] As the Dt between coincidences decreases from 12 h to 3 h, so does the highest value of the corresponding KT (Figure 1 [15] The number of PMC-KT and non-PMC-KT coincidences decreases by a factor of 2 or more for each decrease in Dt (Table 1 ). For Dt 1 h, the ratio of non-PMC detections at low temperatures, KT 140 K, varies from 29% in 2002 to 9% in 2003. Remarkably, the number of non-PMC detections at very low temperatures, KT 130 K, is non-zero even for Dt 1 h. We note that this number remains non-zero even when the spatial distance between OSIRIS and SABER measurements is decreased to 100 km.
[16] The mean KT and corresponding mean PMC BR at several latitude bands for coincidences 3 h and 200 km are shown in Table 2 . As the latitude increases, the mean cloud brightness increases, but the mean KT decreases by 5-8 K from 60°-75°N to 80°-82.2°N. Figure 1 and Table  2 show that in 2003 PMCs were in general brighter than in 2002. This result was reported by Petelina et al. [2005a] and is not discussed further. The mesospheric KT for PMC and non-PMC coincidences in 2003 is on average 1 -2 K lower than that in 2002 (Tables 2 and 3) , which can be attributed to the 11-year variability in the solar cycle [DeLand et al., 2003; Siskind et al., 2005] .
[17] Table 3 presents the mean KT for non-PMC coincidences under the same conditions as above. For half of the cases in Table 3 the number of coincidences is very low, 7 or less, and the difference between PMC and non-PMC temperatures for the remaining cases varies from 1.4 K to 7.9 K, the PMC KT is always lower.
Error Analysis
[18] Although the uncertainty in the OSIRIS PMC BR due to the SSA variations, 15% at 60°N and 7% at 75°N, should not affect the results of the present analysis, there is an inevitable ambiguity in determining the ''true'' cloud brightness from the limb measurements. If the horizontal length and width of a cloud differ significantly, such a cloud may appear brighter if measured along its maximum dimension and fainter if measured along its minimum dimension. Consequently, it is possible that some of the OSIRIS PMCs shown in Figure 1 would be brighter if viewed in a different direction.
[19] The $1.3 km uncertainty in the OSIRIS tangent altitude registration may also cause an error in the BR-KT analysis. As the KT gradient between 82 and 84 km is $3-4 K per km, the 1.3 km uncertainty in the PMC altitudes may yield a random error in the corresponding KT of 4 -5 K. With the SABER KT total random plus systematic uncertainty of 4 K at PMC altitudes [Mertens et al., 2004] the total maximum error in PMC-KT analysis is $9 K. We also note that for coincidences 3 h and 200 km all OSIRIS and SABER data poleward of 60°N are measured in the afternoon part of the orbit, between 12:00 and 20:00 LT, and the majority of the coincidences occur between 14:00 and 17:00 LT, when the LT variations in PMC brightness are small. [2004] showed that the SABER mesopause minimum is systematically 2 -3 km lower than that of the mesospheric temperature climatology [Lübken, 1999] . As it is presently unknown what the source of the discrepancy is, the possibility of larger systematic errors in the SABER retrievals cannot be ruled out.
Discussion
[21] The climatology values of mesospheric temperatures derived from the falling sphere (FS) data for the first half of July (several PMC seasons from 1987 until 1997 at latitudes of 69°-70°N) are $149 K at 82 km, $144 K at 83 km, and $140 K at 84 km [Lübken, 1999] . This implies that the mean FS temperature in the altitude range of 82-84 km is about 144 K. However, the mean SABER KT for both PMC (Table 2 ) and non-PMC (Table 3) conditions is lower than the FS climatology. As most of the FS data were obtained for non-PMC conditions, we calculated the mean SABER KT for non-PMC coincidences at latitudes of 68°-71°N, close to FS measurements. This mean KT is 133.1 K in 2002 (7 coincidences, SDev = 7.9 K) and 134.3 K in 2003 (7 coincidences, SDev = 3.0 K), about 10 K lower than the mean FS value. Further work is required in order to understand these differences.
[22] Another result from the present work, that bright PMCs with BR ! 15 Â 10 10 are found only for KT 134 K is in agreement with model predictions [Jensen and Thomas, 1994; Berger and von Zahn, 2002] , which suggest that at lower temperatures cloud particles have higher probability of growth. However, three cases of simultaneous measurements of PMCs with the potassium lidar and mesospheric temperatures with the FS [Höffner et al., 2003] showed no correlation between the cloud backscatter ratio b and the peak temperature T. In that work, the lowest T = 127 K (84.5 km) corresponded to the lowest b = 3.3; T = 144 K (82.6 km) corresponded to the largest b = 7.3; and the highest T = 149 K (82.5 km) corresponded to b = 4.8. Höffner et al. [2003] noted that while the mean variation of the PMC appearance with height and season measured by lidar is in agreement with the climatologic variation of the mesospheric thermal structure, the comparison of individual clouds with temperature requires further analysis.
[23] The average KT for PMCs at higher latitudes, 80°-82.2°N, is lower than that for PMCs at lower latitudes, 60°-75°N, by 5 -8 K; this agrees well with other data. The recent FS measurements at high latitudes [Lübken and Müllemann, 2003] suggest that the temperature near the summer mesopause decreases by 6 -9 K as the latitude changes from 69°N to 78°N.
[24] Another result of the present work is that the number of non-PMC detections for low coincident temperatures, KT 140 ± 9 K, is significant, and is not reduced to zero even for KT 130 ± 9 K. This confirms that the mesospheric temperature is one of the major factors that control the PMC formation and existence. As the water vapor concentration (H 2 O) also plays an important role in this process, the absence of PMCs at very low coincident KT may, therefore, be attributed to the insufficient amount of H 2 O at these locations. The retrieval of mesospheric H 2 O from the OSIRIS limb spectra is presently under investigation and in the future may help to further quantify the relation between mesospheric temperature, H 2 O and PMC properties.
Conclusions
[25] We have analyzed the extensive set of the Odin/ OSIRIS PMC data obtained in the NH during two 2-week summer-mesospheric campaigns in 2002 and 2003 (July 1-15) with respect to the coincident mesospheric KT measured by SABER on TIMED. Datasets from both satellites have been restricted to the height range of 82-84 km, with the mean KT value between 82 and 84 km used in the analysis.
[26] The PMC-KT analysis has been performed for a fixed spatial distance between the data, within 200 km, and several time differences Dt: within 12, 6, 3, and 1 hour. The total random and systematic uncertainty of this analysis was 9 K. The highest value of the KT coincident with a PMC decreased from 162 K to 142 K with the decrease in Dt from 12 h to 3 h. For coincidence criteria of 3 h and 200 km PMCs were found only at KT 142 K, and the bright clouds with BR ! 15 Â 10 10 were detected only at KT 134 K. The average KT for PMCs at high latitudes, 80°-82.2°N, was lower than that for PMCs at 60°-75°N by 5-8 K, in agreement with the high latitude measurements of Lübken and Müllemann [2003] . The average KT coincident with PMCs was 1.4 to 7.9 K lower than that for non-PMC cases. The existence of up to 7% of non-PMC detections when the coincident temperatures were very low, 130 K, confirms that the mesospheric temperature is one of the major factors, but not the only one that controls the PMC formation and existence.
